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Abstract- High Efficiency Video Coding (HEVC) is recent digital video coding standard of the ITU-T committee. The main
goal of the HEVC standardization was to increase significant compression performance compared to H.264 standards in
the range of fifty percentage bit-rate reduction for equal perceptual video quality. In this project we have developed and
evaluated the performance of HEVC decoder for lossless I-frames decoding. Subjective and objective quality metrics of
the compressed medical ultrasound video samples of different resolutions are evaluated. We also experimentally measured
the performance of the HEVC decoder for medical ultrasound video sequences. The results show that, with HEVC
decoding of the ultrasound video samples, equivalent clinical quality videos can be obtained with values of the

guantization parameters in range up to 36 with PNSR ratios.

Index Terms: HEVC, Video compression, Medical
ultrasound videos, objective video quality metrics, QP,
PSNR.

1. INTRODUCTION

Digital videos have been used widely in current
wire/wireless communication networks, which include
DTV, digital cameras, internet video and video
conferencing. As a result, the representation of the
information requires a very large amount of video data. In
addition, Ultra high definition and high definition television
videos require more bits to be coded. For example if a high
definition video sequence with frame size 1920 x 1080 is
transmitted at a rate of 60 frames/second,
about 3.0 Giga bits of bandwidth is required. However, the
common internet connection bandwidth is 1.5 Mega bits,
which is too low to meet the requirements of modern
consumer applications and devices. To meet user’s demands
with limited transmission network bandwidth, new advanced
and innovative video compression standards has been
developed.

Video compression coding techniques reduce the
amount of data, for storage capacities and made use of
available bandwidth of the transmission network for
efficient video compression and transmission. Many new
ways of video communication applications are emerging
rapidly in recent years, such as 3D television, IPTV, smart
phone games, telemedicine and surveillance equipment [1].
These various applications are required to be transmitted
over different bandwidths and storage capacities. A video
Compression technique plays an important role in these
applications. Consequently, the high efficiency video coding
techniques are proposed to solve above stated problems. The
HEVC video coding standard can achieve the best

compression with more than fifty percentage, high image
quality and reduced bitrates [1]. But the computational
complexity of HEVC decoder is significantly high. The
trade-off relationship between the performance (distortion
and bitrates) and computational complexity is a major
challenge in Medical video applications.

Recent advancements in communication systems
have enabled innovative telemedicine services like remote
patient monitoring and diagnosis, medical video
conferencing, very long-distance doctor consultations, live
surgery broadcast for educational purposes, ambient assisted
living for old age and cognitive impaired people, etc [2].
Further, the unification of healthcare services with various
other disciplines like engineering, information technology
has converted healthcare into a major service sector in the
current world. Hence, the application of service science in
E-health and M-health can facilitate more efficient and
reliable delivery of ultrasound videos in healthcare services.

The quality of experience and quality of service
provided in the healthcare sector are critical in evaluating
the reliable delivery of the healthcare services provided [7].
Medical videos play a major role in modern E-health and M-
health services and have become an integral part of medical
data communication systems. The quality evaluation of
medical videos is an essential process, and one of the ways
of addressing it is via the use of quality metrics. In
telemedicine applications, the video sequences captured by
medical grade cameras are growing towards higher
resolution and higher dynamic range. The doctor at the
local site interacts with the software and operates on the
medical video content. When multi-site collaboration or
remote diagnosis are involved, the user actions at the local
site are captured and the video sequence containing both
medical and synthetic contents is losslessly compressed
using HEVC codec and sent to the remote site.

In this project we implemented HEVC decoder in C
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language and evaluate the performance of video quality
metrics with respect to compressed medical ultrasound
video sequences. We study the performance of each
ultrasound video samples quality metric in representing the
diagnostic quality of the video, by evaluating the frame by
frame correlation of each metric with the objective
parameters [2]. We also investigate the performance of the
emerging video compression standard, high efficiency video
coding for medical ultrasound video sequences. The results
of experimental study show that HEVVC with the considered
ultrasound  video samples, diagnostically reliable
compressed ultrasound videos can be obtained for
compression with values of the quantization parameter and
PNSR ratios. HEVC decoder algorithm implementations
with low computational complexity, but without significant
loss in image quality or increase in bitrates, are the main
topics in this paper.

The rest of the paper is organized as follows Section
2: explains the proposed method, Section 3: explains the
Methodology, Section 4: explains the experimental results,
section 5: conclusions are provided.

2. PROPOSED METHOD

The HEVC video coding standard introduced
network independence design, provided increased coding
efficiency and error resiliency. There has been limited
adoption in clinical practice. The legging factor in clinical
practice use may be due to the fact that the diagnostic
capacity of the communicated ultrasound videos could not
meets the standards of in healthcare, especially due to the
non availability of effective clinical video quality
assessment methods. Ultrasound videos at the clinically
captured resolution and frame rates could not be
communicated over existing wireless infrastructure using
current compression methods. Moreover, noises present in
ultrasound videos was amplified by the error-prone nature of
wireless channels. The new HEVC standard, implemented
promises for low-delay systems that can be used to
communicate high-resolution and high frame rate medical
ultrasound video.
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Fig 1. HEVC Decoder

In telemedicine applications, the video sequences
captured by medical-grade cameras are growing towards
higher resolution and higher dynamic range. The doctor at
the local site interacts with the software and operates on the
medical video content. When multi-site diagnosis
collaboration or remote diagnosis are involved, the user
actions at the local site are captured and the video sequence
containing both medical and synthetic contents is lossless
compressed using HEVC codec and sent to the remote site.

I-frame, or intra frame, is a self-contained frame
that can be independently decoded by HEVC decoder as
shown in figure 1 without reference to preceding or
upcoming frames. The decoded video frame is always |
frame video as shown in figure 2. I-frame act as starting
frame point in case of transmitted video sequence gets
corrupted and damaged. I-frames acts as complete lossless
picture frame and does not contains too much artifacts [3].

HEVC decoder implemented with supports
decoding of only Intra frames as shown in figure 2.
Ultrasound video samples of different resolutions with
different Q,values 25, 28, 32, 35, 36 , 40 are decoded by
HEVC decoder as shown in figure 7.
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Fig 2. I-frame decoding flow chart

3. METHODOLOGY

Step 1: Real time ultrasound video sequences are encoded as
only I-frames by HEVC encoder with different QP values.

Step 2. The compressed ultrasound video sequences are
decoded by our HEVC decoder as I-frames.

Step 3: The decoded video qualities measured by subjective
quantitative metrics like expert doctor opinions, average
audience opinions.

Step 4: The decoded ultrasound video qualities calculated by
objective quantitative metrics like PNSR ratio, compression
ratio, MSE, 50% bitrates compression efficiency, Rate
distortion graph plot.

While in HEVC encoding process loop filters are disabled,
GORP size is selected as one.

The performance of the various decoding solutions,
their Rate-Distortion (RD) curves are obtained. These
curves are obtained by plotting the objective quality metric
value for the reconstructed prediction error as a function of
the amount of bits per second needed to code it. In the
following, the adopted objective quality metric is the PSNR
as it is commonly used in the literature. PSNR — The Peak
Signal-to-Noise Ratio is a metric used to measure the ratio
between the maximum possible power of a signal and the
power of the corrupting noise affecting the fidelity of its
representation. In the video coding context, the PSNR is
used to measure the objective quality of the decoded signal
in comparison to the original input signal. It is commonly
defined via the Mean Squared Error (MSE), for mxn video
size given by equation

Sunitha N, IJECS Volume 4 Issue 5 May, 2015 Page No.12127-12131

Page 12128



MSE=—— 375! 231G, ) — D (i)

Where | (i, j) is the original input signal at position
(i, j) and D (i, j) is the decoded signal at position (i, j).
PSNR is given by

MAX?

PSNR=10l0g,, (ﬁ)

Where MAX is the maximum value of the input
signal (255 for 8 bits samples). In addition to we also
studied the PSNR is used to measure the objective quality of
the reconstructed prediction error in comparison to the
actual prediction error. Bitrate it represents the number of
bits per second (bits/s) needed to code a particular video
sequence prediction error. In this case, the bit rate is not
defined and controlled directly through a rate control tool
but it is the result of selecting a particular Q,,.

4. EXPERIMENTAL RESULTS

HEVC decoder standard specification understood
completely. HEVC decoder implemented on visual studio
2012 using C language. HEVC decoder is able to decode
intra frames of compressed videos. HEVC decoder will be
tested for decoding medical video by varying Q,values. The
following table.1 show results of varying QP values for real
time ultrasound video samples. The objective and subjective
qualities of ultrasound videos analyzed and bit rates
distortion graph with varying @, values plotted as shown in
figures 3 to 6.The output results of ultrasound videos with
varying values of @, shown in fig 7.

Decoded Compr | Q,v | PSNR | Bits Com

Input Video | essed alue | Values | Rates press

Files video S db ion

(320x240) Sizes Ratio
S

Ultrasound

(0p22) 108k 22 | 4492 | 57624 16

Ultrasound

(@p25) 84k 25 | 4244 | 47792 20

Ultrasound

(Qp27) 70k 27 | 41.14 | 37992 24

Ultrasound

(Q,30) 53k 30 | 38.82 | 28728 31

Ultrasound

(Qp33) 39k 33 | 36.49 | 21192 43

Ultrasound

(Q,35) 31k 35 | 3512 | 16960 54

Ultrasound

(Q,38) 22k 38 | 32.89 | 11264 76

Ultrasound

(Q,40) 17k 40 | 31.63 | 8888 99

Ultrasound

(Qp43) 11k 43 | 29.89 6048 153

Ultrasound

(Qp45) 8k 45 | 2858 | 4348 | 211

Table 1. Ultrasound Video Samples different Values of @,
PSNR, Bitrates
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Fig 7. HEVC decoded oﬁ.tputs with different Qp value

5. CONCLUSIONS

In this paper, we have Implemented HEVC
decoder. HEVC decoder used to measure subjective and
objective medical ultrasound video qualities. HEVC decoder
supports decoding of Intra frames only. Different
Ultrasound video resolutions are selected their performance
of the various decoding solutions; their Rate-Distortion
(RD) curves are obtained. We have obtained performance of
each ultrasound video samples quality metric in representing
the diagnostic quality of the video, by evaluating the frame
by frame correlation of each metric with the objective
parameters. We also obtained the performance of the
emerging video compression standard, HEVC for medical
ultrasound video sequences. The results show that, using
HEVC with the considered ultrasound video samples,
diagnostically visual quality ultrasound videos with Q,
values in range 32 -36.

6. REFERENCES
[1] Overview of the High Efficiency Video
Coding (HEVC) Standard by Gary J. Sullivan,
Fellow, IEEE, Jens-Rainer Ohm, Member,

Sunitha N, IJECS Volume 4 Issue 5 May, 2015 Page No.12127-12131

[2]

3]

[4]

[5]

[6]

[7]

[8]

[9]

IEEE, Woo-Jin Han, Member, IEEE, and
Thomas Wiegand, Fellow, IEEE transaction
on circuit and systems for video technology
vol 22 No 12,Dec-2012.

A Study on Quality Assessment for Medical
Ultrasound Video Compressed via HEVC by
Manzoor Razaak, Maria G. Martini, Senior
Member, IEEE, and Ketty Savino,IEEE
Journal of
informatics,VVol18,No5,Sep-2014.

Lossless compression of medical images based

medical and Health

on HEVC intra coding by Victor sanez.

High Efficiency Video Coding Algorithm and

architecture By Vivienne Size, Madhukar

Budaga and Gary J. Sullivan by Spinger

publication. B. Tulu and S. Chatterjee,

“Internet-based telemedicine: An empirical

investigation of objective and subjective video

quality,” Decis. Suppor Syst., vol. 45, no. 4,

pp. 681-696, 2008.

E. Cavero, A. Alesanco, L. Castro, J.

Montoya, I. Lacambra, and J. Garcia, “SPIHT-

basedechocardiogram compression: Clinical

evaluation and recommendations of use,”

IEEE J. Biomed. Heath. Informat., vol. 17,no.

1, pp. 103-112, Jan. 2013.

C. Delgorge, C. Rosenberger, G. Poisson, and
P. Vieyres, “Towards a new tool for the
Evaluation of the quality of ultrasound
compressed images,” IEEE Trans. Med.
Imag., vol.25, no. 11, pp. 1502-1509, Nov.
2006.

Z.Wang, A. C. Bovik, H. R. Sheikh, and E. P.

Simoncelli, “Image quality assessment: From

error visibility to structural similarity,” IEEE

Trans. Image Process., vol. 13, no. 4, pp. 600—

612, Apr. 2004.

D. M. Chandler and S.

“VSNR:Awavelet-based visual signal to-noise

S.Hemami,

ratio for natural images,” IEEE Trans. Image
Process., vol. 16,no0. 9, pp. 2284-2298, Sep.
2007.

ITU-R BT,

Recommendation, “500-11,

Page 12130



[10]

[11]

[12]

[13]

Methodology for the subjective assessment
of the quality of television pictures,” Int.
Telecomm. Union,Geneva, Switzerland,
Tech. Rep. BT.500-11, 2002.
Z.Wang and A. C. Bovik, “A universal image
quality index,” IEEE Signal Process. Lett.vol.
9, no. 3, pp. 81-84, Mar. 2002.
M. H. Pinson and S. Wolf, “A new
standardized method for objectively measuring
video quality,” IEEE Trans. Broadcast., vol.
50, no. 3, pp. 312-322, Sep. 2004.
N. Damera-Venkata, T. D. Kite, W. S. Geisler,
B. L. Evans, and A. C.Bovik, “Image
quality assessment based on a degradation
model,” IEEE Trans. Image Process., vol. 9,
no. 4, pp. 636650, Apr. 2000.
Y. Han, Y. Cai, Y. Cao, and X. Xu, “A new
image fusion performance metric based on
visual information fidelity,” Inf. Fusion, vol.

14, pp. 127135, 2013.

Sunitha N, IJECS Volume 4 Issue 5 May, 2015 Page No.12127-12131

Page 12131



